1. Introduction
===============

Thoracic trauma can be broadly classified as chest wall, pulmonary, esophageal, and cardiovascular injury, which accounts for 10% to 15% of all traumas, leads to pneumonia, pleural sepsis and respiratory failure that frequently necessitates intensive care unit (ICU) care and ventilator support, and is responsible for approximately 25% of trauma associated mortalities.^\[[@R1],[@R2]\]^ It was reported that over 350,000 patients sustain rib injuries annually in the United States.^\[[@R3],[@R4]\]^ Although there is currently no national database available in China, the number is speculated to be more than tripled or even quadrupled considering the China\'s population, and the traffic and industrial security status.

Given its importance in trauma practice, the present study was aimed to review chest injury experience in a level I trauma center of eastern China, to profile the clinical presentation and the associated pathologies, and to analyze the therapy approach and outcome in patients with thoracic trauma, so that could help to optimize its management strategy.

2. Patients and methods
=======================

2.1. Study population
---------------------

This retrospective study included consecutive patients with thoracic trauma who were admitted and treated in the department of thoracic surgery at Zhongshan Hospital Qingpu Branch of Fudan University, a tertiary hospital serving over 1 million residents in the west suburb of Shanghai city, between January 2003 and January 2018. The clinical records including medical images were retrieved from our clinical information center electronically, and reviewed in terms of age, gender, etiology, injury type, injury severity, treatment, length of hospital stay, and clinical outcome. Patients treated only in an outpatient setting or transferred to another institution were excluded.

The patients clinical characteristics and outcomes were analyzed and compared before January 2012 (2003 group) and after January 2012 (2012 group), when a dedicated thoracic trauma team consisting of thoracic surgeons, trauma surgeons, emergency physicians, anesthetists, respiratory and radiology specialists was implemented by the hospital medical board. After that the protocol of triaging, diagnosis, assessment and therapy for thoracic injuries were optimized and standardized in efforts to form a logical sequence of diagnostic and therapeutic procedures so that both diagnosis and therapy could go hand in hand for every severely injured patient.

After admission, all the patients were evaluated by systemic physical examination, chest X-rays or computed tomography, electrocardiography and blood tests. Tube thoracostomy was performed in patients with pneumothorax or hemopneumothorax per surgeon\'s discretion to remove air, fluid, or blood. Antibiotics were administered for patients with chest tube insertion, lung contusions, or other open injuries in precaution that lesions were exposed to uncleaned air. Pain control included oral or intravenous nonsteroidal anti-inflammatory analgesics, and loco-regional anesthesia such as intercostal nerve blocks and thoracic epidural catheters. General in-hospital surveillance included monitoring of respiration, heart rate, arterial blood pressure, central venous pressure, urine output, thoracic drainage, arterial gas analyses, etc. Patients were also evaluated in terms of coexisting pathologies and followed up closely by concerned specialists. Those of whom had other severe injuries, respiratory difficulties, and hemodynamic instabilities were managed in ICU and used mechanical ventilator if necessary.

The study protocol was approved by the Institutional Review Board of Zhongshan Hospital Qingpu Branch, Fudan University. Patients consent was waived.

2.2. Statistical analysis
-------------------------

Data were presented as number, percentages, or mean ± standard deviation as appropriate. The categorical variables are presented as frequencies and percentages, and were compared using the chi-squared test. Continuous variables were presented as mean ± standard deviation (SD), and were compared using the student\'s unpaired *t* test or the Mann-Whitney *U* test, as appropriate. Patient outcomes that were statistically different between the 2 groups were further analyzed using logistic regression to test the effects of thoracic trauma team implementation. Two tailed *P* value of less than .05 was considered statistically significant. Data analysis was carried out using the Statistical Package for Social Sciences version 18 (SPSS Inc., Chicago, IL).

3. Results
==========

3.1. Patient characteristics
----------------------------

Table [1](#T1){ref-type="table"} summarizes the demographic and clinical characteristics of thoracic trauma patients. During a 15-year study period, 4168 patients with chest injury were admitted to the department of thoracic surgery. There were 3421 (82.1%) male and 747 (17.9%) female patients whose ages ranged from 16 years to 103 years with a mean age of 49.0 years (male, 47.6 years; female, 55.2 years). Chest trauma was observed most frequently in patients aged between 31 and 70 years (n = 2847, 68.3%). The most common injury mechanism was road traffic accident (n = 1781, 42.7%), followed by slip down (n = 1182, 28.4%), falls (n = 606, 14.5%), industrial accident (n = 358, 8.6%), and assault (n = 242, 5.8%). When classified according to the injury type, the vast majority patients (n = 2783, 66.8%) had rib fractures. Other injury types included pneumothorax (n = 988, 23.7%), hemopneumothorax (n = 230, 5.5%), lung contusion (n = 80, 1.9%), sternum fracture (n = 71, 1.7%) and hemothorax (n = 16, 0.4%).
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3.2. Associated injuries
------------------------

Concomitant injuries were present in approximately half of the patients (2013 out of 4168, 48.3%), most of them had extremity fracture (n = 1731, 86.0%), followed by abdominal injury (n = 174, 8.6%), clavicle fracture (n = 162, 8.0%), head and spinal injury (n = 60, 3.0%) and facial bone fracture (n = 12, 0.6%), with an average injury severity score (ISS) of 15.3 ± 9.6. (Table [1](#T1){ref-type="table"})

3.3. Therapy and outcome
------------------------

The treatment and clinical outcomes of these injured patients is shown in Table [2](#T2){ref-type="table"}. Chest tubes were inserted in 1382 (33.2%) patients, with a mean duration of 1.2 days. Emergent or elective surgeries were performed in 975 (23.4%) patients. The most common procedure was for thoracic injury (n = 604, 61.9%), followed by extremity fracture (n = 200, 20.5%), clavicle fracture (n = 127, 13.0%), injuries of abdominal (n = 28, 2.9%), head and spinal (n = 14, 1.4%), and facial (n = 2, 0.2%). Specifically, thoracic surgical procedures were performed for pneumothorax, hemothorax or hemopneumothorax (n = 237), rib fracture (flail chest or multiple, displaced fractures) (n = 217), pulmonary laceration (n = 136), heart contusion (n = 11) and diaphragm rupture (n = 3) (Fig. [1](#F1){ref-type="fig"}).

###### 

The treatment and clinical outcomes of 4168 thoracic trauma patients.

![](medi-98-e14993-g002)

![Six hundred four patients received emergent or elective surgical operations for pneumothorax, hemothorax or hemopneumothorax (n = 237), rib fracture (n = 217), pulmonary laceration (n = 136), heart contusion (n = 11) and diaphragm rupture (n = 3).](medi-98-e14993-g003){#F1}

ICU treatment was necessary for 502 (12.0%) patients with mean ICU stay of 4.3 days. Mechanical ventilator care was used for 34.9% (175 out of 502) of the ICU patients with a mean duration of 125.5 hours. The average length of hospital stay was 12.3 days. The mortality rate was 1.7% (70 out of 4168). Causes of death were hemorrhagic shock (n = 42), respiratory failure (n = 20), and cardiac tamponade (n = 8).

3.4. Thoracic trauma team impacts on patient outcome
----------------------------------------------------

The comparison of thoracic trauma patients' characteristics and outcome before- and after- Jan 2012 is shown in Table [3](#T3){ref-type="table"}. There were 2263 and 1905 patients admitted before- and after- January 2012, respectively. A clear trend was seen that more patients were admitted annually after the year of 2014 (Fig. [2](#F2){ref-type="fig"}). Older but less male patients were treated in thoracic surgery department after the establishment of the thoracic trauma team (Age, 53.59 ± 16.8 years vs 45.1 ± 18.0 years; and Gender - male, 78.3% vs 85.2%, respectively, all *P* \< .001). The ISS for patients of the 2012 group was significantly higher than that of the 2003 group (17.5 ± 10.1 vs 13.7 ± 8.2, *P* \< .001). While more patients underwent tube thoracostomy and surgical procedures in the 2012 group than that of the 2003 group (43.8% vs 24.2%, and 34.4% vs 14.1%, respectively, all *P* \< .001), the hospital length of stay was remarkable reduced in the 2012 group (11.7 ± 9.0 days vs 12.7 ± 8.8 days, *P* \< .001).
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![Numbers of thoracic trauma patient admitted to the department of thoracic surgery per year from Jan 2003 to Jan 2017. The dotted line represents linear trend line.](medi-98-e14993-g005){#F2}

Furthermore, the 2012 group had much more patients requiring ventilator support than the 2003 group did (48.3% vs 25.3%, *P* \< .001), while no difference were found in terms of ICU length of stay (4.4 ± 1.1 day vs 4.2 ± 1.6 day, *P* = .098) and ventilator support duration (126.5 ± 25.7 hours vs 123.2 ± 17.9 hours, *P* = .318) in the 2012 group when compared to that of the 2003 group. In addition, the ICU usage rate and the death rate were marginally lower in the 2012 group in comparison with the 2003 group (11.0% vs 12.9%, *P* = .056, and 1.5% vs 1.9%, *P* = .397, respectively). In addition, mechanical ventilator usage (OR = 1.91, 95% CI: 1.35--2.711, *P* = .009) was significantly associated with the implementation of thoracic trauma team.

4. Discussion
=============

As thoracic trauma accounts for a quarter of the trauma-related death, its severity and socio-economic impact could not be emphasized more. However, as there is currently no national practice guidelines nor expert consensus exist for the management of this patient group in China, the status of chest injuries in China remains largely unreported. We present herein a retrospective study that summarized the demographic and clinical characteristics of such patients. The present study found that mid-aged male was the population most frequently suffered from chest injuries. Road traffic accident was the top one injury mechanism, a realistic reflection of recent booming automotive sales with noisy traffic safety management in China. The vast majority of the patients had rib fractures, which is in line with other thoracic trauma investigations.^\[[@R5],[@R6]\]^ As the force of impact to which a person is subjected in an accident does not respect anatomic boundaries, approximately half of the patients were found to have companion injuries to other organ systems, such as extremity fracture, abdominal injury, brain trauma, etc. in the present case series, which highlights the importance of comprehensive assessment of the trauma situation including detailed physical examination, imaging and blood test, at the initial management and repeat on a regular intervals basis afterwards.^\[[@R7],[@R8]\]^

Surgical procedures were mainly aimed to stabilize the thorax wall and maintain effective air exchange.^\[[@R9]--[@R13]\]^ To this end, tube thoracostomy was the most common procedure performed in these thoracic injured patients. It was shown that operative intervention was not necessary in more than 3/4 of the thoracic injuries. After the insertion of chest tubes and trachea intubation, thoracic injuries were usually sufficiently taken care of to allow urgent surgical procedures. The timing of rib, extremities and clavicle fracture fixation is still under debate.^\[[@R14]\]^ Early surgical intervention adds additional trauma and might interfere with necessarily diagnostic assessment. It is our experience that if primary fixation is waived on the day of admission, then the internal fixation on fractures, if indicated, is performed within 72 hours of injury provided that the confounding factors are under controlled and the patient\'s general condition permit operation. In precautions for the development of pulmonary complications, venous thromboembolism, and infections, we always tried to avoid a longer delay (more than 7 days) if possible.^\[[@R15]\]^

In cases of lower rib fractures, it was noted that spleen, liver and diaphragm injuries were frequently accompanied.^\[[@R16]\]^ The coexisting craniocerebral injuries were not so uncommon as the present data demonstrated, for patients with suspected intracranial traumas were directly admitted to the neurosurgery department at emergence room triage. At there, patients were closely observed for 72 hours with chest tubes inserted (in cases of hemothorax, pneumothorax, or hemopneumothorax). If indicated, rib fixations were usually performed within 7 days thereafter. Injuries to vertebral column and spinal cord were usually treated conservatively, unless the injuries caused hemopericardium, pericardial effusion, or paralysis of the intercostal musculature. Two out of 12 patients with facial injuries were surgically treated, one for continued hemorrhage from the nose that caused aspiration of blood, another for severe subcutaneous emphysema with sinus involvement.

ISS has been reported as an independent predictor of the length of hospitalization in patients with blunt thoracic trauma, ISS ≥ 16 was found to be a major prognostic factor associated with mechanical ventilation.^\[[@R17]\]^ In the current study, apparently more patients with much severer chest injury (higher ISS scores) were properly screened, triaged and admitted after the institution of the dedicated thoracic trauma team. In addition, these patients were much older in age and less male dominated in gender than those in years without such a chest trauma team. Setting off by such big pictures, the beneficial impact of the dedicated thoracic trauma team on patients diagnosis, evaluation, therapy, and clinical outcome has been obvious: while more patients required surgical intervention in the 2012 group, the average hospital length of stay was significantly reduced than that of the 2003 group; while more patients needed mechanical ventilation, the ICU length of stay and ventilator support duration were equivalent between the two groups. Besides, patients of the 2012 group had numerically lower rates of ICU usage and mortality than that of the 2003 group.

This study should be viewed in the light of its limitations. The database consisted of only those patients of thoracic trauma admitted to the department of thoracic surgery, rather than the emergency department, outpatient department, or the ambulance service; patients with co-existing critical traumas such as cardiac or great vessel injuries, cerebral injuries, intra-abdominal injuries, and vertebral-spinal injuries might have been triaged or referred to elsewhere. In addition, the variation of management strategies in patients screen, triage, evaluation and treatment might have made it difficult for comparisons with other investigators. Furthermore, the retrospective and descriptive nature of the study withheld an affirmative causal conclusion. The present study, however, provides valuable information on the profiles of thoracic trauma patients in China that, to our knowledge, is scarcely available in the literature. Despite the limitations posed by the study design, this largescale investigation highlights the importance of a multidisciplinary approach for the care of patients with thoracic traumas.

5. Conclusions
==============

In summary, thoracic trauma in China generally affected middle-aged males. Most of the chest injuries were related to traffic accident. The vast common type of injury was rib fracture. Approximately half of the thoracic trauma patients had additional injuries to other parts of the body. The majority of the patients could be managed without aggressive surgical procedures other than tube thoracostomy. Surgical interventions were mainly indicated to stabilize chest wall and maintain air exchange. Respiratory and hemodynamic instability necessitated ICU treatment and ventilator support in only a small portion of these patients. A dedicated, integrated thoracic trauma team consisting of multidisciplinary medical professionals could remarkably improve the clinical outcome.
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